The 35 C1-NQR spectrum of several derivatives of chloral, Cl3CCHO, was studied in the ranee 77 K ^ T Tm. By use of the spin echo double resonance technique a relative assignment of the resonances to different ClaC-groups within one crystallized compound was possible. The solid compounds studied are: High temperature phase of chloral hydrate, Cl3CCH(OH)2; parachloral, (Cl3CCHO)3, (a-and ß-isomer); the two phases of chloral hemihydrate CI3CCHO • 1/2 H20; chloralide (II); chloralhemithiohydrate, CI3CCHO • 1/2 H2S. The structure of the molecules in the solid state and the fade out of the NQR resonances are discussed.
Introduction
A simple compound earring a trichloromethyl group, CC13, is trichloroacetaldehyde (chloral), CC13CH0. It was prepared for the first time and extensively studied by Liebig [1] . The diemistry of chloral was recently reviewed by Luknitskii [2] . In course of studies of chloral hydrate, CC13CH(0H)2 [3, 4] and of several trichloromethyl derivatives [5, 6] the relative intramolecular configuration of different CC13 groups within one molecule or within one crystallographically asymmetric unit was of interest. It has been shown that Spin Echo Double Resonance, SEDOR [7] , offers an experimental way to contribute to the problem [8, 9] . Here SEDOR is applied besides wide line Nuclear Quadrupole Resonance (NQR) for the study of the relative configuration of the following compounds: high temperature phase of chloral hydrate, CC13CH(0H)2(I), the two solid phases (I) and (II) of chloral hemihydrate, CC13CH0 • 1/2 HoO, the ester chloralide, CCl3CHOCOCHOCCl3 (which shows a solid state phase transformation above room temperature), the two isomers of trimeric chloral, (CC13CH0)3 , known as a-parachloral and ^-parachloral, and chloral hemithiohydrate, CC13CH0 • 1/2 H2S.
The application of NQR is of particular advantage in the study of solid trichloromethyl derivatives where in numerous examples solid state transformations have been observed. By means of Cl -NQR it is possible to follow up the transformation process 
Experimental

Preparation of the Compounds
The high temperature phase of chloral hydrate, CC13CH(OH)2(I), and trichloroethylidene trichlorolactic ester (chloralide), CCl3CHOCOCHOCCl3, 1 1 were obtained as described previously [3, 4, 6] . Chloral hemithiohydrate, CCl3CHO • 1/2 H2S, was synthesized from chloral hydrate and H2S according to Chattaway and Kellett [10] . a-parachloral and ^-parachloral, (CC13CH0)3, were prepared from chloral hydrate and sulphuric acid by the method given by Chattaway and Kellett [11] . Chloral hemihydrate, CCl3CHO • 1/2 HoO, was synthesized from CCl3CHO and CC13CH(0H)2 in the following way: One mole of CC13CH(0H)2 (solid) was mixed with one mole of CCl3CHO (liquid). The mixture was warmed up to ca. 330 K to dissolve the solid part thoroughly. To the liquid thereafter a trace of sulphuric acid was added and by annealing at ca. 295 K the liquid solidified completely within one hour. The compound can be recrystallized from HCC13 . The results of chemical analysis are (calc/ found): C(15.360%/15.10%); H(1.289%/1.15%). The existence of chloral hemihydrate has been proposed by van Rossen [12] and Shill [13] . Immediately after solidification Cl3CCHO • 1/2 H20 showed at 77 K a very weak, six line 35 C1-NQR spectrum. Within a few days the signals became relatively strong. The same spectrum was observed 
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NQR Spectroscopy
The search for the 35 C1-NQR lines was done with a superregenerative Zeeman modulated spectrometer (Decca). For the SEDOR experiments a two channel pulse spectrometer [9] was employed. The temperature measurements (thermocouple at the sample) are accurate to i 1K, the error in the frequency measurements is + 3 kHz and only due to the line width. Theory and experiment of SEDOR have been developed by Emshwiller, Hahn, and Kaplan [7] . For a SEDOR experiment the sample must contain at least two crystallographically inequivalent nuclei with spin / 1, which we call Aand B-nuclei. During the experiment the echo amplitude of the A-nuclei is monitored by a 90°-T-180° pulse sequence. At the time r a third pulse with length n-180° is applied to the sample and the frequency of this rf-pulse is varied in steps while the whole pulse program is repeated. If the frequency of the third pulse matches one of the resonance frequencies of the B-nuclei, that part of the local magnetic field at the site of the A-nuclei which originates from the magnetic moments of the B-nuclei, changes its sign:
This leads to a disturbance of the phase memory of heteronuclear [7] , homonuclear [9] and isotopic double resonance can be used. The last two techniques have been applied to study the relative intramolecular configuration of chlorine nuclei in trichloroacetic acid and other compounds [9] and homonuclear double resonance was applied in this work, too.
Results
In Fig. 1 -5 the 35 C1-NQR frequencies are shown as a function of temperature. A normal Bayer type behaviour [14] is found for all five compounds, and in Table 1 
Discussion
All compounds studied here by 33 C1-NQR are derivatives of chloral, CCl3CHO, and by the chemical treatment of the compounds the CC13 group was not affected. Each of the compounds shows more than three 35 C1-NQR lines at 77 K, an observation which proves that more than one CC13 group must exist within the asymmetric unit of the crystallographic unit cell. By the SEDOR technique it was possible to decide which of the 35 C1-NQR lines (the number n of lines at 77 K is 5 < n r^ 12 in the compounds studied) belongs to the same CC13 group. The relative intramolecular assignment found in this way is shown in Table 3 , together with the frequency splitting within one CC13 group.
a-and ß-parachloral
From J H-NMR Novak and Walley [15] concluded, that a-and /?-parachloral in chloroform solution have Cs and C3 symmetry, respectively.
The molecular structure of a-parachloral is a six membered ring having chair conformation with one axial and two equatorial CC13 groups. In Fig. 6 the structure of the molecule a-parachloral is sketched.
Thus a molecule of a-parachloral has nine chlorine atoms, while the solid compound showed a five line 3j Cl-NQR spectrum in the temperature range investigated. At 77 K four lines were observed (see Table 2 and Figure 1 ). This is due to an accidental coalescence of the two lines )'3 , ?'4 to an unresolved doublet at 39.755 MHz. The superposition of two lines at 77 K is confirmed by the r( 35 Cl) =f{T)
measurements (see Fig. 1 ) and by SEDOR experiments at 77 K and 274.8 K.
The 35 C1-NQR spectrum (SEDOR) indicates that i'j, r3, v5 (see Table 3 and (Table 3) .
Chloral Hemihydrate
Chloral hemihydrate, Cl3CCHO-1/2 H20, appears with two crystalline phases. Nothing is known about (2) is possible on the basis of 35 C1-NQR. Model (1) seems to be the more likely one in accordance with an ether bridged molecular structure. In Fig. 7 the * If the molecule maintains the C3 symmetry in the crystalline state, there must be three independent molecules in the unit cell, to account for a nine line NQR spectrum. This is, however, crystallographically difficult. 
Chloral Hydrate (I)
SEDOR divides the twelve 35 C1-NQR lines of chloralhydrate (phase I) into four line groups, which correspond to four crystallographically inequivalent CC13 groups. Therefore the unit cell of this solid must contain four molecules within the asymmetric unit. In Fig. 7 
Chloralhemithiohydrate
Chloralhemithiohydrate is assumed to have a thioether structure [10] :
OH OH Based on SEDOR, the twelve 33 C1-NQR lines of chloralhemithiohydrate are divided into four line groups shown in Table 3 and Figure 7 . Since this feature is common to the two compounds, the large frequency splitting is attributable to an intramolecular origin. Moreover, it will possibly be of steric nature, because the hemithiohydrate shows much larger splittings.
Frequency Splitting
The magnitude of the frequency splittings of a- The origin responsible for the large Av's, in the compounds considered here is most probably intramolecular. In this connection it is interesting to note that the largest splitting observed was for Cl3CCHO -l/2 H2S, a compound in which one of the neighbours of the CC13 group is the bulky sulfur atom.
Fade Out
It is well known that the Cl-NQR signals of CC13 groups often fade out at temperatures far below the melting point. This phenomenon has been ascribed to the occurance of reorientational motions of the group around its three fold axis [18] . In general
Tf tends to rise with increasing magnitude of the potential barrier which hinders the reorientational motion [19 -22] . For the compounds studied here, most of the Tf are higher than 320 K, except for the line group a of C13CCH(OH)2(I). rf,max = 420K
was found for chloralide (II), line group a. These values are much higher than those found for CC13 groups in trichloroacetates [5] . In both cases a CC13 group has the configuration COO as neighbours, but the electronic configurations of the carbon attached to C13C differ from each other. It is sp 3 (chloral derivatives) and sp 2 (trichloroacetates), respectively. Thus it can be seen that the reorientational motion of CC13 groups attached to C(sp 3 ) is much more hindered by a potential barrier higher than that of Cl3C-C(sp 2 ).
One of the three CC13 groups of /?-parachloral differs in Tf considerably from the two other groups.
This difference is induced by intermolecular forces because in solution the three CC13 groups are equivalent. A detailed discussion on this point, however, rests on the knowledge of the crystal structure.
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